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CAPACITOR FOR USE IN AN INTEGRATED CIRCUIT 



Cross-Reference to Related Applications 

5 The present application is related to U.S. Patent Application Serial No. 

09/838,526, filed 04/19/01, entitled "Capacitor for Use in Integrated Circuits," by R. 
Jacob Baker et al. and assigned to the same assignee as the present invention. 



Field of the Invention 

10 The present invention relates generally to semiconductor integrated circuits, 

and more particularly to a capacitor and capacitor array for use in integrated circuits, 
such as memory systems and the like. 



Background of the Invention 

15 There is a continuing demand for electronic systems to perform more 

functions or operations in shorter periods of time. This typically requires additional 
components to perform the additional functions and to store more programs and 
data. At the same time packaging requirements are decreasing in size. Consumers 
want smaller, lighter weight products that do more and are more mobile or portable. 

20 Accordingly, circuit designers are challenged to provide more components and 
greater capacity per unit of area on a semiconductor die. 

Most electronic circuits include basic electrical components such as 
transistors, resistors, inductors, capacitors and the like. Capacitors are one 
component that can occupy considerable area on a semiconductor die depending 

25 upon the size of the capacitor or the number of capacitors. For example, a memory 
system or device can include a large number of capacitors for storing information. 
Capacitors are typically made by depositing a first metal plate, depositing a layer of 
dielectric material over the first metal plate and then depositing a second metal plate 
over the layer of dielectric material and substantially parallel to the first metal plate. 

30 The size of the capacitance will be a function of the surface area of the two facing 
parallel plates and other parameters such as the dielectric constant of the dielectric 
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material and the spacing between the plates. Accordingly, one primary means of 
increasing the capacitance, is to increase the size of each of the parallel plates but 
this will also consume more area on the semiconductor die. 

As previously mentioned, some electronic circuits, such as memory devices 
5 or systems use capacitors to store data electronically. For example, a capacitor with 
a charge on it can represent a logic 1 and an uncharged capacitor can represent a 
logic 0. Accordingly, as electronic systems or computer systems are required to 
perform more functions and to store more programs and data, memory devices and 
systems will require more memory cells with each cell including a capacitor to store 
3 10 the informati °n. Memory device and system designers are therefore challenged to 

| provide more storage capacity while using a minimum amount of area on a 

| semiconductor die. For efficiency and speed of operation, the stored information is 

also preferably located close to those components that access and use the 
information. Accordingly, memory devices or systems are often formed on the 
15 same chip or semiconductor die with other components and it becomes important in 
the manufacturing process that the operations to make the different components are 
compatible and do not adversely effect one another and that the different 
components can be manufactured efficiently with the lowest possible cost and time. 
Accordingly, for the reason stated above, and for other reasons that will 
20 become apparent upon reading and understanding the present specification, there is 
a need for a capacitor or an array of capacitors that maximizes the amount of 
capacitance and number of capacitors per unit of area of a semiconductor die or 
chip. There is also a need for a capacitor or capacitor array that can be 
manufactured efficiently with minimal process operations and with process 
25 operations that are compatible with or do not interfere with other circuitry or 
components formed on the same semiconductor die. 
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Summary of the Invention 

In accordance with the present invention, a capacitor includes a first plate of 
conductive material formed in a predetermined shape. A layer of dielectric material 



Attorney Docket 303.778US1 



2 



Micron 01-0369 



u ♦anrtallY conforms to the 
predetermined snape ^ 

forming material. , md in g tteoughlhen* lean0nlay .^sed 

fflcW es a vertex portion ex. »d» ^ ^ ^ surfece and an ^ 

f formins material- At 1«» forming material 

delayer of forming xtendi ng 6om fte layer o ^ 

erteriorsurfaceofthefirstp . t hemispherical grains. A lay 

0 matenaliseormedonlnen^ ^ Tta nieUetric layer su— 
conformstotheshapeofthenrsp ^er. 

conforms to the shape of eac* 

capacitor. Each op leaAc material is form 

predetermined shape. Alaye tesh apeof*efirs.P«- 

.^andanintegratedcircuitformedon^ „ cluoes a firs, pi* 

substrate ana „ ldes a , least one capacitor. The fdie iectric 
^^•^edinapredetermmedshapeandalayer 

30 ofconduct.vemater.al 
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f the first plate. 

^^tantiallycone-shapean f the first plate and 

substantially conformms ° fdiele c«ric mortal 

festplateofconduo' ^^aporttoaofmef^P duoti ve 

m atenaHotmedo invents, a t» eth0 ^i, 

ln aocoidance with fne V forming an integrate 

• hides' pvo« d »8 a ^ • . J with the integrated 

25 supported by *e su . ludeS : forming a first pi tprial formed on at 

formedinapredetermin tiaU y conform^ prthelaye rof 

^^^^^ 

plate, and forming a 

30 dielectric material. Micro n 01-0369 
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5 plat e „ f conduce mater,*. ^ ^ md substantially 

serial formed over the layer of dielectric matenaL ^ ^ 

15 out in the appended claims. 

BriefDescriEtiono^^ 

Figures 1A-1H illustrate the operatrons .n formmg a capa 

~ r A»nre with the present invention, 
capacitors in accordance with tn p fonnedin a 

Tj-m«. ? is a top elevation view of a plurality 

FigureZisaiopoi nres ent invention. 

Fibres 3 A-3C illustrate the operations m forming a capa 

capacitors in accordance wnn « in fanning a capacitor or array of 

Fio.re4A-4C illustrate the operanons in forming a P 

• Idance with another embodiment of the present invention. 

capacitors in accordance wnn <u 
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Figure 5 is a block schematic diagram of a semiconductor die or chip 
^ani.e.ratedcirc.tandcapacitor array in accordance wtth the present 
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Figure 6 is a schematic diagram of a memory device or system inching 
capacitors in accordance with the present invention. 

Figure 7 is a top view of a wafer o, suhstrate contammg semtconductor dtes 

in accordance with an embodiment of the present inventron. 

FigureSisahiockschematicdiagramofacircuitmoduiein accordance 

with an embodiment of the present invention. 

with an embodiment of the present invention. 

Figure 10 is ablock schematic diagram of an electron, system m 
accordance with another embodiment the present invention. 

Figure 1 1 is a block schematic diagram of a memory system m accordance 
with an embodiment of the present invention. 

Figure 12 is a block schematic diagram of a computer system m accordance 

with an embodiment of the present invention. 

iwri piion of r-horliments 

to the following detailed description of the preferred embodiments 
reference is made to the accompanying drawings which form a par, hereof, and m 

"J plticed These embodiments are described in sufficient detail to enable 
25 ":rlmaybeu,ili,edandtha,p ro cessormechamca,changesmapemade 
loutdeparting.rom.escopeofthepresentmvention. The terms wa^ and 
substrate used in the following description include any base s— to 
str „cture. Both are to be understood as including silicon-on-sapph^ (SOS, 
technology, silicon-on-insulator (SOI) techndogy, thin film transrs or (TFT) 
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supported by a base semiconductor, as weU as other semiconductor support 
^ to a wafer or substrate in the foUowing descnpfon, prevrous pr^e ss steps 

5 JL* ThefoUowingde^eddescripUonis^erefore.nottobe.a.en.na 
Ltingscnse.andd.escopeof.hepr.ent — isdefinedomybyfte 

technology (BJT), field effect technology (FET), or complimentary metal-ox.de- 
„ — or(CMOS). Am e,,-oxide-semicond U c,or(MOS)—rmc 1 udes 
I afirstn de (drain, and a second node (source, Since a MOS ttansrstor ,s 

^MOS^sistorandviceversawtrnthepoiarityoftheassocratedgate 
oles mereiy being reversed. For example, applying a negative gate voltage u, 

,„ N-channdMOStransistorissub^dforaP-channeltransrstor. 

Figures 1A-1H illustrate the operations in forming a capacrtor or an array of 

10 2 of forming materia, is deposited or formed. The first layer 102 of fonrnng 
IlcanbeadopedoxideorthelUce. A plurality of electrodes 104ca»be 

techniques. The electrodes 104 can have a selected pitch or spacmg S beKve^r 
them The electrodes 104 can be made of a metal or semiconductive material. A 

cm be formed from an undoped oxide or the lixe. A second lay. .OS o„mng 
3„ materialcanbeformedonthenucleationlayer.Oe. The second layer 10S of 
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hyCT 106 can be much thinner «han ft, firs, layer ,02 of formmg mater, 1 and *e 

ta Figure IB, a plurality of openings or cavities 1 10 are formed ,n a surface 
1 ,2 of «he second ,ayer ,08 of forming materia, and in alignment win, each of fte 
eiectiodes 104. The cavities 1 10 are fonned down through the second ,ayer ,08, 
the nudeation ,ayer 106 and partiaUy through ft, firs, iayer ,02 of fornung 

,04 serveas an eteh stop to define thebottomof eachofthe cavrt.es 110. The 
eavities 1,0 are formed to have a predetermined shape by standard 
li^c—esandcanhaveadeprnd— n.nch -ger - a 
diameter or wid.h dimension W. The predetermmedsh y of ft, cav-ties , 10 c an 
he subtly cone-shapeda, ^m^^^^^l-.. 
cross-sectioH ai shownln Figure 2. 

to Figure 1C a firs, plate layer 1 ,6 of conductive matena, ,s depos,ted or 
formed onme surface of .he second ,ayer .12 of forming materia, and in each of 
the cavities 1,0. The firs.p,a.e ,ayer 1,6 canhave a tinckness of abou. 300 
angstroms. The f,rs.p,a.e layer 116 forms a predetermined shape correspond,^ o 

pla ,elayerll6formsopenorhol.owin.eriorpor.ionsorsurfaces 118. kefirs. 

plate layer 1 ,6 can be formed from a conductive metal, polysilicon or a 

semiconductor material. „„«,.„, he 

Referring ,0 Figure ID and also te Figure 2, an ,s„,at.on wall 120 can be 
formed around me capacitor array ,00. The isolation wall ,20 prevents .he 
5 etchants or ofter materials used in tire process operations to form «he capac,,or 

integrated circuhs already formed on ft. chip or die. The .solauon wal, ,20 can 
rlmaskorhecoveredhyaphotemasuopreventorh^etchantsoromer 

materia,* from conning me other circuits or component on .he cn,p. The 
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Uolationwal. .20 defines *e capacitor array UO an d is prefera^ ^ over ,he 
cavities 1 10 proxima. to a periphery 122 of the capacitor array ,oa 

to Figure IE, the firs, plate !ayer 1 16 is selecttvely removed fin .the 

, formaoluralityoffirstpiatesorfirstcapacitorplates 126. A small segment of 
nO^thesurfaceinoffhesecondiayerlOS^efirstplatelayerl^he 

se.ectively removed by dry etching with an etchan, that is non-reacfve to the 

second layer 108 of forming material. 
l0 to F igu«lF,thesecondlayerl0 8 offormingmaterialand te ph„,omas k 

deaningprocesstoremovemephotomaskoffteisoiauonwal! 120. Th second 
ter 108 can he removed by wet etching with an etchan. that is non-reacUve to dre 

15 fl.eprocessofremovingntesecondlayerlOSofform.ngmaten^. Thennc - 
Jr 106 can ac. as an etch stop or to a, lea, slow down me e.ch rate so «* * - 
blpped , a prederermined depth V. The firs, layer 102 of formmg matenal ,s 

ayer 106 is no, used and mere is only a single layer .02 of formmg ma ena. *e 

^ains to support the firs, plates .26 during the remamder of the process* 
Each of ,be firs, pla,es 126 have a predetermined shape that as shown m the 

portion 128 or closed end extending through the nucleate layer (,f p» n.) and 
25 parUaUyin,omefirs.layer.02offonningmateria.. Each of the firs, plate 

:tlex K riororou,ersurface.,0ex,end.ngfr„nt te firs,.ayer,02and a ,e 

30 ,ayerl06andonthefirstpla,es.26. The 1 ayer 132 wil. substantially conform to 
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surfaces 130 of .he firs.pla.es 126 exposed above ft. nucleation layer -106. Th. 
layer ,32 can be a nitride, an oxide or a dielectric of any .hickness. The undoped 
oxide of .he nucleation ,ayer 106 facilna.es .he „uclea.io„ or formatton of .he 
, die.ecttic layer 132 on .he nnc.ea.ion iayer 106 which p^rmi* .he formation of a 
thinner layer of dielectticonthefirstpla.es 126. 

ta Figure 1H, a second plate ! 34 or second capacitor plate of conducttve 
materia, can be formed on tire dielectric layer .32. The conductive materia, of .he 
se condpla.el34canbeamc«al,po.y S iUconorasemiconduc.ormatenal The 
M Ind late^canbeformedinbu.overthediCectriCayerU, After formmg 

.he second plate 1 34, me array ,C* can be masked off and the penphera, are. of 
mediecanhedearedbacktotooriginaneveUfmateria.. The process of the 
present invention minimizes the s«ep heigh. H between the surface of the ong.ua. 
Lei of the die and a.op surface 138 of me second pla.e .34, thus creating a more 

15 desirable planar process. 

The second plate 134 can be a common connection or ground connect™ 
for .he capacitor array .00. Connec.ion.0 each of .he individna. capacitors .36 
can he made via me electrodes ,04 which can be brought out to a penphera, edge 
202 (Figure 2) of the capacitor array ,00 for connection to transistors of a memory 
2 „ ee,l as discussed hereinbelow or to otter components of an in.egra.ed cucmt 
Referring to Figure 3A, in accordance with another embodunen. of me 
pre sen. invention, after .he process operations described wi.h reference .o Figures 
, A..F are carried out and the firs, layer ,08 of forming material is removed » 
Figure IF, if the firs, pla.es ,26 are formed from po,ysi,icon, me in.erior surfaces 
25 „8 of each of .he firs.pla.es 126 canbe converted » hemispherical grains (HSG) 
302 by a s«ndard .echnioue. Converting .0 HSG 302 increases me capacitive area 
of each of me firs.pla.es 126 and .hereby increased me capaci.ance of each of me 
completed capacitor cells. 

in Figure 3B, a layer 304 of dielectric materia, similar to me dielectttc layer 
30 1 32inFi g ureslG-lHisformedontheHSG302ofthefirs.platesl26. The HSG 
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302 can be etched to remove micro fissures in the HSG 302 to provide a better 
surface for forming the dielectric layer 304 and so that the dielectric layer 304 can 
be thinner and thereby provide a higher capacitance. In Figure 3C, a second 
conductive plate 306 or second capacitor plate similar to the second capacitor plate 
134 in Figure 1H is formed on the dielectric layer 304. 

In accordance with another embodiment of the present invention shown m 
Figure 4A, the interior surface U8 and exposed exterior surface 130 of each of the 
first plates 126 (Figure IF), if formed from polysilicon, can be converted to HSG 
402 using a standard technique. The HSG 402 provide more capaemve surface 
area to each of the first plates 126 and hence added capacitance to each of the 
completedcapacitorcell, In Figure 4B, a layer 404 of dielectric matenalts 
formed on fine HSG 402 of the first plates 126. As previously discussed, the HSG 
402 can have micro fissures and can be etched ,0 provide a smoother, more umform 
surface on which to deposit the dielectric layer 404. In Figure 4C, a second 
conductive plate 406 or second capacitor plate is formed on the dielectric layer 404. 

Figure 5 is a block schematic diagram of a semiconductor dte 500 or chip 
including an integrated circuit 502 and capacitor array 504 formed on a substrate 
506 in accordance with the present invention. The capacitor array 504 can be the 
same as the capacitor iuray 100 discussed with respect to Figures 1 A-1H or the 
0 capacitor arrays 300 and 400 in Figures 3A-3C and 4A-4C, respectively. 

Accordingly, the capacitor array 504 of the present invention can be formed on the 
same semiconductor die 500 or substrate 506 as the integrated cremt 502. As 
previously discussed, the second conductive plate 134 in Figure 1H (or second 
conductive plate 306 in Figure 3C and second conductive plate 406 in Figure 4C) 

,5 can be a common electrode for the capacitor array 100 (or capacitor anays 300 and 
400 in Figures 3 A-3C and 4A-4C). Eachof to individual capacitors 136 mFtgure 
,H and individual capacitors 308 and 408 in Figures 3C and 4C, respectively can 
be connected to other components by extending the electrodes 104 (Figures .H, 3C 
and 4C) to the peripheral edge 202 (Figure 2) of the capacitor array 100, 300 or 

30 400. 
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Figurc 6 is a schematic diagram of amemory device or system 600 m 

Led as par, of an integrated circuit 502. The memory system 600 mcludes a 
5 « o memory elements 602 that can be arranged in rows and co umns. E»h 
!Cce„602caninc ta deat ra nsistor6 M . Each transistor 604 incudes a ,e 
eiectl 606 coupied to an address Une 60S for conning tire operation of «h 

„ capacitor 616. The capacitor 6,6 can be simiiar to capacitors ,26 (Ftgure ,H), 3 
;^e3C)or40S(Fi gtt re4C,and ttl ecapaci,ors6,6foreacb„f,hemcmoryceUs 

6 02canbeformedinaarray S imi,ar,oa m y S ,00,300and400 

With reference to Fi^e 7, a semiconductor die 7,0 can be produced from 
a siUcon wafer 700 that can contain a, eiectronic system simi,ar to me dectrotnc 

C apacitor,36 orcapacitor arrays ,00, 300or400in accordance — ^ 

m ention. A die 710 is an individua, pattern, «ypica„y rectangu,*, , on a s^sti « 

.hat contains circuitry to perform a specific function. A semrconductor wafe 
wiUtypicaUycon^inarepeatedpattemof such dies 7,0con,ammg,he same 

compiex devices as a monoiithic processor with mu,tip,e mnctionahty^e 

.herefrom (not shown) providing access to the ctremtry of the to 710 1 

or bilateral communication and control. 

AsshowninFig«re 8 ,twoormoredies710, i nc,udingat,eastone 

e.ectronic system 500 or memory system 600 that incorporates the nove, capacttor 
,36 or capacitor ar.y ,00, 300 or 400 in accordance with the present »- 
ean be combined, with or without a protective casing, into a crcutt modu e 800 «o 
ermance or extend tire timctionaiity of an individua, die 7,0. Ctrcutt modu,e 800 
3„ can he a combination of dies 710 representing a variety of functions, or a 
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combination of dies 7,0 containing .he same — y. Son, exampfcs <> f a 
cir cui. module 800 include memory modules, device drivers, power module , 

allude multi-layer, multUhip module, Circuit module 800 can be a sub- 

5 Z^«^«^'^ n * at **-*" mm ft 

^ape—puter.anautomob ile, an indusMa, control system, an aucraft 
and ourers. Circuit mc«e 800 will have a variety of leads 810 extendmg 

a^^^-^«^— ^^"^„ module 

Figure 9 shows one embodiment of a circuit module as a memory module 
,„ 900 containing circuitry for the memory system 600 including the capacitor array 
I ^Oor^Oofthepresen— . Memory module 900 g^lydep-a 
Single in-line Memory Module (SIMM) or Dual In-line Memory Modu e (DIAM). 

containing a series of memory device, While a SIMM will have a smgle , m-hne 
15 r f conactsor,ead S ,a D UMwiUhaveasetofleadsoneachsideof,hesu P port 

leachsetrepresentingseparatel/Osi^a,, Memory module 900 — 

^^^™c— «^»*^^ 

uponmedesiredbuswidmandthedesireforparity. Memo^modu^OOc^ 

contain memory devices 910 onboth sides of support 9.5. Memory module 900 

m 920 and provides for data input and data output on data hnks 930. The 

IeT P po rt 915.Uads940areshov™forc.ncep t ua,purposesandareno,.,nu,ed 

to the positions shown in Figure 9. 

Figure 10 shows an electronic system 1000 contauung one or more crcurt 
m odules 800 as described above containing the novo, memory system 600 and 
capacitor arraylOO, 300 or 400 of thepresent invention. Electrons system 1000 

lectrol system .000 with some form of control or observation of the resuhs of 
30 mTe.ectronicsys.em .000. Some examples of user interface .010 mclude me 
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keyboard, pointing device, monitor and printer of a personal computer; the tunmg 
dial display and speakers of a radio; the ignition switch and gas pedal of an 
automobile; and the card reader, keypad, display and currency dispenser of an 
automated teller machine. User interface 1010 can further describe access ports 
5 provided to electronic system 1000. Access ports are used to connect an electron* 
system to the more tangible user interface components previously exemphfied. 
One or more of the circuit modules 800 can be a processor providing some form of 
manipulation, control or direction of inputs from or outputs to user interface 1010, 
or of other information either preprogrammed into, or otherwise provided to, 
l0 electronic system 1000. As will be apparent from the lists of examples piously 
given electronic system 1000 will often contain certain mechanical components 
(not shown) in addition to the circuit modules 800 and user interface 1010. It wUl 
be appreciated that the one or more circuit modules 800 in electronic system 1000 
can be replaced by a single integrated circuit. Furthermore, electronic system 1 000 
15 can be a sub-component of a larger electronic system. 

Figure 11 shows one embodiment of an electronic system as memory 
system 1100. Memory system 1100 contains one or more memory modules 900 as 
described above including the memory system 600 and capacitor 136 or capacvtor 
array 100, 300 or 400 in accordance with the present invention and a memory 
20 controllerlllO. Memory controller 11 10 provides and controls a bidirectional 

interface between memory system 1100 and an external system bus 1120. Memory 
system 1100 accepts acommand signal from the external bus 1120 and relays *to 
the one or more memory modules 900 on a command link 1 130. Memory system 
1 1 00 provides for data input and data output between the one or more memory 
25 modules 900 and external system bus 1120 on data links 1140. 

Figure 12 shows a further embodiment of an electronic system as a 
computer system 1200. Computer system 1200 contains a processor 1210 and a 
memory system 1100 housed in a computer unit 1215. Computer system 1200 u, 
but one example of an electronic system containing another electronic system, i.e. 
30 memorysystemll00,asasub-component. Computer system 1200 optionally 
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contains user interface components. Depicted in Figure 12 are a keyboard 1220, a 
pointing device 1230, a monitor 1240, a printer 1250 and a bulk storage device 
1260. It will be appreciated that other components are often associated with 
computer system 1200 such as modems, device driver cards, additional storage 
devices, etc. It will further be appreciated that the processor 1210 and memory 
system 1 100 of computer system 1200 can be incorporated on a single integrated 
circuit similar to that discussed with respect to Figure 5. Such single package 
processing units reduce the communication time between the processor 1210 and 
the memory system 1 100. 



Conclusion 

The present invention thus provides a capacitor or an array of capacitors 
that maximizes the amount of capacitance and number of capacitors per unit of area 
of a semiconductor die or chip. The present invention also provides a capacitor or 

1 5 capacitor array that can be manufactured efficiently with minimal process 

operations. Additionally, the capacitor or capacitor array of the present invention 
can be manufactured on the same semiconductor die with other components and 
can be manufactured using process operations that are compatible with the 
manufacturing processes of other components and that do not interfere with other 

20 circuitry or components formed on the same die or chip. 

Although specific embodiments have been illustrated and described herein, 
it will be appreciated by those of ordinary skill in the art that any arrangement 
which is calculated to achieve the same purpose may be substituted for the specific 
embodiments shown. This application is intended to cover any adaptations or 

25 variations of the present invention. Therefore, it is intended that this invention be 
limited only by the claims and the equivalents thereof. 
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